Dopamine receptor stimulation is critical for heroin-conditioned immunomodulation; however, it is unclear whether the ventral tegmental area (VTA) contributes to this phenomenon. Hence, rats received repeated pairings of heroin with placement into a distinct environmental context. At test, they were reexposed to the previously heroin-paired environment followed by systemic lipopolysaccharide treatment to induce an immune response. Bilateral GABA agonist-induced neural inactivation of the anterior, but not the posterior VTA, prior to context re-exposure inhibited the ability of the heroin-paired environment to suppress peripheral nitric oxide and tumor necrosis factor-a expression, suggesting a role for the anterior VTA in heroin-conditioned immunomodulation.
Introduction
Opioid administration has detrimental health consequences in addition to the possible development of addictive behaviors and dependence. Clinical studies have revealed abnormalities in basic immune parameters in heroin users, including a decrease in circulating lymphocytes, natural killer cell activity, cytokine production, and antibody-dependent cellular cytotoxicity (Govitrapong et al., 1998; Nair et al., 1986; Olson et al., 2005; Yardeni et al., 2008) . Several immune parameters that are critical for innate immune responses are altered by opioid use, such as the expression of inducible nitric oxide synthase (iNOS) (Lysle and How, 2000) and the production of the proinflammatory cytokines, tumor necrosis factor-a (TNF-a) and interleukin-1b (IL-1b) (Chao et al., 1993; Pacifici et al., 2000) . These studies suggest that chronic opioid administration results in an impaired ability to defend against infectious disease (Theodorou and Haber, 2005) .
Interestingly, opioid-induced immunosuppression has been shown to be mediated by the central nervous system (Fecho et al., 1996; Lysle et al., 1996; Shavit et al., 1986) , and the immunosuppressive effects of exogenous opioid administration can be conditioned to the context in which the drug is delivered. Indeed, research from our laboratory has shown that the immune altering effects of opioids, including those of morphine and heroin, can be conditioned to environmental stimuli by pairing opioid administration with exposure to a distinct environmental context. As a result, a morphine-paired context can acquire immune altering effects. For example, following conditioning sessions during which morphine injections were paired with a distinct context, rats exhibited significant reductions in mitogenic responsiveness of lymphocytes, natural killer cell activity, and interleukin-2 production when re-exposed to the distinct context in a drug free state, demonstrating for the first time morphine-conditioned immunosuppression (Coussons et al., 1992) . These findings are commensurate with other studies exploring the conditioned effects of opiates on other physiological and behavioral processes. For example, the administration of morphine has been shown to result in the development of conditioned hyperthermia (Broadbent and Cunningham, 1996; Schwarz-Stevens and Cunningham, 1993; Schwarz and Cunningham, 1990) . Moreover, exposure to stimuli associated with heroin use has been shown to induce craving for heroin (Daglish et al., 2001; Sell et al., 2000; Zijlstra et al., 2009 ). Furthermore, contextual stimuli associated with drug self-administration have been shown to reinstate heroin-seeking behavior (Bossert et al., 2004 (Bossert et al., , 2012 Fuchs and See, 2002) . Thus, the study of conditioning processes has implications for the health consequences of drug use and drug seeking behavior and addiction.
Early evidence suggested that that dopamine and glutamate are involved in conditioned immunomodulation (Hsueh et al., 1999; Kuo et al., 2001) . Findings from our laboratory demonstrated that dopamine receptor activity was necessary for the expression of
